This report describes a study carried out to gain baseline information on the molecular characteristics of extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli and Klebsiella spp. in Canada. A total of 29,323 E. coli and 5,156 Klebsiella sp. isolates were screened at 12 participating sites. Of these, 505 clinically significant, nonrepeat isolates displaying reduced susceptibility to the NCCLS-recommended beta-lactams were submitted to a central laboratory over a 1-year period ending on 30 September 2000. A total of 116 isolates were confirmed to be ESBL producers. PCR and sequence analysis revealed the presence of TEM-11 (n ‫؍‬ 1), TEM-12 (n ‫؍‬ 1), TEM-29 (n ‫؍‬ 1), TEM-52 (n ‫؍‬ 4), CTX-M-13 (n ‫؍‬ 1), CTX-M-14 (n ‫؍‬ 15), CTX-M-15 (n ‫؍‬ 11), SHV-2 (n ‫؍‬ 2), SHV-2a (n ‫؍‬ 12), SHV-5 (n ‫؍‬ 6), SHV-12 (n ‫؍‬ 45), and SHV-30 (n ‫؍‬ 2). Five novel beta-lactamases were identified and designated TEM-115 (n ‫؍‬ 2), TEM-120 (n ‫؍‬ 1), SHV-40 (n ‫؍‬ 2), SHV-41 (n ‫؍‬ 4), and SHV-42 (n ‫؍‬ 1). In addition, no molecular mechanism was identified for five isolates displaying an ESBL phenotype. Macrorestriction analysis of all ESBL isolates was conducted, as was restriction fragment length polymorphism analysis of plasmids harboring ESBLs. Although a "clonal" distribution of isolates was observed at some individual sites, there was very little evidence suggesting intrahospital spread. In addition, examples of identical or closely related plasmids that were identified at geographically distinct sites across Canada are given. However, there was considerable diversity with respect to plasmid types observed.
Infections caused by aerobic gram-negative bacilli are common in hospitalized patients and result in serious infections, such as bacteremia and the majority of cases of nosocomial pneumonia (8, 32) . These infections also are associated with high rates of mortality; for example, sepsis is one of the most common causes of death in intensive-care-unit patients (32, 35) . The emergence of gram-negative bacilli that contain extended-spectrum beta-lactamases (ESBLs) and AmpC cephalosporinases has compounded this problem and has become a worldwide concern (7) .
The first ESBL was identified in Germany in 1983; since then, over 200 variants of the clavulanic acid-inhibited form of the enzyme have been described worldwide. The most common extended-spectrum phenotypes arise from point mutations in the bla TEM , bla SHV , or bla CTX gene resulting in alterations of the primary amino acid sequence of the enzyme (7) . Since these genes are generally found on plasmids, many of the organisms that harbor ESBLs also are resistant to other classes of antibiotics, such as aminoglycosides, fluoroquinolones, tetracyclines, chloramphenicol, and sulfonamides (24) .
In this study, we examined the molecular characteristics of ESBLs isolated over a 1-year period in 12 Canadian hospitals.
MATERIALS AND METHODS
Surveillance network. Established in 1995, The Canadian Nosocomial Infection Surveillance Program (CNISP) is a collaborative effort involving members of The Canadian Hospital Epidemiology Committee (a subcommittee of the Canadian Infectious Diseases Society), the National Microbiology Laboratory (NML), and the Centre for Infectious Disease Prevention and Control, Health Canada. Currently, CNISP is comprised of 35 hospital sites. The data presented in this 1-year study represent results obtained from 12 participating CNISP tertiary-care hospitals which volunteered to be study sites. To maintain site confidentiality, data were tabulated into two geographical regions: the west, which included British Columbia (two sites), Alberta (one site), and Saskatchewan (one site), and the east, which included Ontario (five sites), Quebec (two sites), and Nova Scotia (one site).
Study design. This study was a prospective laboratory-based surveillance study (1 October 1999 to 30 September 2000 in which all nonrepeat strains of Escherichia coli and Klebsiella spp. determined to be clinically significant by the participating hospital laboratories were tested against a panel of beta-lactam antibiotics (from the Centre for Infectious Disease Prevention and Control, Health Canada) with ESBL screening criteria as described by NCCLS (26, 27) . Strains identified as possible ESBL producers were submitted to NML for further characterization. The total number of strains of E. coli or Klebsiella spp. was used as the denominator in the calculations to determine incidence rates for ESBLs. For patients with a suspected ESBL-producing organism, specific information was collected from charts; this information included the service the patient was on when the specimen was identified, date of birth, gender, date of specimen collection, and type of specimen.
Bacterial strains. All strains were identified at participating sites by routine methods performed at each laboratory. Strains meeting the study criteria were submitted to NML where, upon receipt, they were stored at Ϫ70°C in Microbank vials (Pro-Lab Diagnostics, Richmond Hill, Ontario, Canada). The identification of all submitted strains was confirmed by using Vitek GNI cards (BioMerieux). Control strains used in this study included Klebsiella pneumoniae ATCC 700603, Pseudomonas aeruginosa ATCC 27853, and E. coli ATCC 25922.
Antimicrobial susceptibility testing. Potential ESBL-producing strains were confirmed by the disk diffusion method as described by NCCLS (26) with disks containing ceftazidime (CTZ), ceftazidime-clavulanic acid (CTZL), cefotaxime (CTX), and cefotaxime-clavulanic acid (CTXL) (Mast Diagnostics). The MICs of cephalosporins and aztreonam with and without clavulanic acid and of meropenem were determined for all novel ESBLs detected in this study (27) . Susceptibilities to other classes of antimicrobial agents were determined by using Vitek GNS-121 panels (BioMerieux).
Molecular characterization of Ambler class A resistance determinants. An attempt was made to identify the gene responsible for the ESBL phenotype in all strains by using a combination of PCR and sequence analysis. It should be noted that not all genes were sequenced in strains where multiple beta-lactamase genes existed. The isoelectric points (pIs) of the beta-lactamases were used to predict the most likely ESBL candidate, and this gene was sequenced. For example, if a strain contained bla TEM and isoelectric focusing (IEF) results showed a betalactamase with a pI of 5.4, an assumption was made that this beta-lactamase most likely represented the non-ESBL TEM-1 and the other gene was sequenced. In addition, for strains with the same macrorestriction pattern, only a single representative strain was characterized further.
To determine the number and pIs of the beta-lactamase(s) present in the confirmed ESBL-positive strains, IEF and visualization of the beta-lactamase were conducted as previously described (23) .
PCRs with universal primer sets to detect bla TEM (40) and bla SHV (28) were conducted for all confirmed ESBL-positive strains. CTX-M-type genes were detected by using in-house-designed universal primers CTX-M-U1 (5Ј-ATGTG CAGYACCAGTAARGTKATGGC) and CTX-M-U2 (5Ј-TGGGTRAARTAR GTSACCAGAAYCAGCGG) (where R is purine, Y is pyrimidine, and S is G or C) under conditions similar to those described for bla TEM , except that the annealing temperature was changed to 58°C. Entire CTX-M-type genes were amplified for sequencing purposes by using either CTX-M-A (5Ј-TGGTTAAA AAATCACTGCG) and CTX-M-B (5Ј-ATTACAAACCGTCGGTGAC) or TOHO2-1 (5Ј-ATGGTGACAAAGAGAGTGCAACG) and TOHO2-2 (5Ј-AC TGCCCTTCGGCGATGATTC) as described above. Amplicons were purified (Amicon), and sequence identification was conducted with an ABI 3100 sequencer at the DNA Core Facility, NML.
Molecular subtyping by PFGE. ESBL producers were subtyped by pulsed-field gel electrophoresis (PFGE) in accordance with the standardized E. coli (O157: H7) protocol (41) after analysis with the BioNumerics software program, version 2.5 (Applied Maths, St. Martens-Latem, Belgium). Gels were normalized by using the molecular-weight-standard strain Salmonella enterica serovar Braenderup universal marker (kindly provided by B. Swaminathan, Centers for Disease Control and Prevention). A 1.0% tolerance and a 1.5% optimization were used during cluster analysis with the unweighted pair-group method, and DNA relatedness was calculated based on the Dice coefficient. Isolates were considered to be genetically related if their macrorestriction DNA patterns differed by fewer than three bands and the Dice coefficient of correlation was 85% or greater.
Bacterial transformation and plasmid mapping. Plasmid DNA was isolated by using a commercial kit (Qiagen). Approximately 1.0 to 10 ng of plasmid DNA was used to transform electrocompetent DH10B (Invitrogen) by using a Gene Pulser (Bio-Rad) set at 200 ⍀/1.25 kV with a time constant of 4 to 5 in 1-mm electroporation cuvettes (EquiBio). Transformants were selected on Luria-Bertani agar containing either CTX or CTZ (5 mg/liter). PCR was used to confirm the presence of the beta-lactamase gene. Approximately 2 g of plasmid DNA was digested with HpaI, and the restriction fragments were separated on 0.7% agarose gels in 0.5ϫ Tris-borate-EDTA for 18 h at 2.8 V/cm with circulating buffer. Fragments were sized, and gels were normalized by using BioNumerics, version 2.5 (Applied Maths), with a 1-kb extension ladder (Gibco) as a standard.
Nomenclature for classifying the various plasmid profiles was devised in the present study as follows: the first letter denotes the gene class (C represents CTX, S represents SHV, and T represents TEM) and is followed by a number that denotes the ESBL variant subtype. This number is followed by a number that represents the major plasmid class harboring the ESBL and then by a letter that denotes the plasmid subtype. For example, C14-1a describes a plasmid carrying the CTX-M-14 class of ESBL with major plasmid backbone 1 and a fragment of subtype a.
Nucleotide sequence accession numbers. The complete nucleotide sequences of novel ESBL resistance genes were deposited in the GenBank database under the following accession numbers: TEM-115, AF535127; TEM-120, AY243512; SHV-40, AF535128; SHV-41, AF535129; and SHV-42, AF535130.
RESULTS
Epidemiologic characteristics of study strains. A total of 29,323 E. coli and 5,156 Klebsiella sp. strains were screened at the 12 participating sites for potential ESBL producers. A total of 505 strains of E. coli (n ϭ 425; 84%) and Klebsiella spp. (n ϭ 80; 16%) (1.5% of the total number of strains) met NCCLS screening criteria (26, 27) as potential ESBL producers. These strains were submitted to the NML for confirmatory testing and advanced characterization. Confirmatory testing by the NCCLS disk diffusion method (26) yielded 116 ESBL-positive strains (E. coli, n ϭ 74; K. pneumoniae, n ϭ 37; and Klebsiella oxytoca, n ϭ 5), representing 20% of all strains submitted for testing. The incidence rates for E. coli and Klebsiella spp. were 0.26/100 (range, 0 to 1.79%) and 0.81/100 (range, 0 to 3.25%), respectively. Forty-three ESBL-producing strains were from the west (E. coli, n ϭ 37; K. pneumoniae, n ϭ 5; and K. oxytoca, n ϭ 1), and 73 were from the east (E. coli, n ϭ 37; K. pneumoniae, n ϭ 32; and K. oxytoca, n ϭ 4). The sex distribution of patients harboring ESBL-positive strains was as follows: 68 female patients (E. coli, n ϭ 41; K. pneumoniae, n ϭ 25; and K. oxytoca, n ϭ 2) and 48 male patients (E. coli, n ϭ 33; K. pneumoniae, n ϭ 12; and K. oxytoca, n ϭ 3). The age distributions of the 58 female patients for whom dates of birth were available were as follows: 0 to 21 years, n ϭ 3; 22 to 65 years, n ϭ 27; and over 65 years, n ϭ 28. The age distributions of the 46 male patients for whom ages were reported were as follows: 0 to 21 years, n ϭ 4; 22 to 65 years, n ϭ 15; and over 65 years, n ϭ 27.
The site of the specimen was reported for 109 strains (Table  1) ; the highest number of strains was isolated from the urinary tract (n ϭ 68). Ward locations were specified for 75 strains: 18 from surgical wards, 16 from intensive-care units, 16 from acute-medical-care units, 8 from emergency wards, 3 from outpatient wards, 3 from oncology wards, 2 from pediatric wards, and 1 each from dialysis, medical-surgical, pediatric intensivecare, and coronary-care units. A steady increase in ESBLproducing strains was reported in Canada over the 1-year study, from a single strain being reported in the first month of the study to a maximum of 22 strains being reported from nine sites in the last month of the study (Fig. 1) . Antimicrobial susceptibilities of study strains. Of the 505 potential ESBL-producing strains submitted by the participating sites, 195 showed reduced susceptibility to CTZ (disk zone diameter, Յ22 mm) and 260 displayed reduced susceptibility to CTX (disk zone diameter, Յ27 mm); for cefpodoxime (CPD), 347 strains displayed a disk zone diameter of Յ22 mm (CPD22) (26) and 253 strains displayed a disk zone diameter of Յ17 mm (CPD17) on the basis of revised NCCLS criteria (25) . On the basis of the revised criteria, the percentage of ESBLproducing strains that would not be detected with CTX, CTZ, CPD, or combinations thereof as a screen are as follows: CTX, 12.8% (Ն28 mm; n ϭ 15); CTZ, 23.1% (Ն23 mm, n ϭ 27); CPD22, 6.0% (Ն23 mm, n ϭ 7); CPD17, 29.1% (Ն18 mm, n ϭ 34); CTX-CTZ, 3.4% (n ϭ 4); CTX-CPD17, 12.8% (n ϭ 15); CTX-CPD22, 6.0% (n ϭ 7); CTZ-CPD17, 9.5% (n ϭ 11); CTZ-CPD22, 1.7% (n ϭ 2); CTX-CTZ-CPD22, 1.7% (n ϭ 2); and CTX-CTZ-CPD17, 3.5% (n ϭ 4). A comparison of the antimicrobial resistance patterns for all of the strains submitted as potential ESBL-producing strains for various classes of antimicrobial agents is shown in Table 2 .
Detection and distribution of Ambler class A genes in Canada. Universal primers were used in PCR to detect the bla TEM , bla SHV , or bla CTX gene in all phenotypically confirmed ESBLproducing strains. Multiple beta-lactamase genes were identified in 71% of strains (n ϭ 82), with 69% of strains containing two genes (TEM and SHV, n ϭ 55, or TEM and CTX, n ϭ 24) and 2.6% (n ϭ 3) harboring all three genes. Thirty percent of strains (n ϭ 34) contained a single beta-lactamase gene. Seventy-seven percent of strains contained bla TEM (n ϭ 90), 67.5% contained bla SHV (n ϭ 79), and 28% contained bla CTX (n ϭ 32).
Macrorestriction analysis of phenotypically confirmed ESBL-producing strains. A dendrogram showing the different molecular subtypes is shown in Fig. 2 for E. coli or Klebsiella spp. Sixty-one unique subtypes were identified from the 74 E. coli ESBL-producing strains, whereas 36 unique subtypes were identified from the 42 Klebsiella sp. ESBL-producing strains. On the basis of macrorestriction analysis, clonal spread of E. coli or Klebsiella sp. strains was suggested to have occurred at 4 of the 12 sites participating in the study. All of the outbreaks were small, with the largest being comprised of five clonal strains. In addition, all four sites identified as having outbreaks had more than one outbreak. There were only two examples of an indistinguishable or similar pattern (a three-band difference) being observed at more than one site, that is, a multicenter clonal outbreak. In both cases, only a single E. coli strain was observed at the second site, suggesting that the strain did not spread at the other hospital site. bla TEM ESBLs. Only 10 strains (8.7%) carried a bla TEM ESBL gene; the majority of these (7 [70%] ) were E. coli. The distribution of TEM ESBLs, as determined by sequence analysis, was TEM-11 (n ϭ 1), TEM-12 (n ϭ 1), TEM-29 (n ϭ 1), TEM-52 (n ϭ 4), TEM-115 (n ϭ 2), and TEM-120 (n ϭ 1). The most prevalent was TEM-52, which was observed in four nonclonal E. coli strains identified at four sites, two in the west and two in the east. Plasmids were transferred to DH10B by electroporation, and the presence of the TEM gene in the transformants was confirmed by PCR. Plasmid restriction fragment length polymorphism (pRFLP) profiling demonstrated that three of the strains had identical plasmids (pT52-1a), and one plasmid generated a unique fingerprint (pT52-2a) (Table  3) . Gentamicin resistance was cotransferred with TEM-52 in both plasmids (pT52-1a and pT52-2a), and tobramycin resistance also was cotransferred with pT52-2a.
Single E. coli strains harboring TEM-11, TEM-12, and TEM-29 were also identified in this study. Only TEM-12 and TEM-29 were transferable to DH10B under our electroporation conditions, and no additional resistance phenotypes were cotransferred with the plasmids (Table 3 ). All of these TEMs were readily detected with CTZ-CTZL disk combinations, with the exception of TEM-120 (described below); however, TEM-12, TEM-29, and the novel TEMs described below were not readily confirmed with CTX-CTXL disk combinations. Two novel TEM variants were identified, and both were found in Klebsiella spp. Two different strains, found at the same site in the east, were found to harbor a novel TEM variant which contained two mutations (L21F and R164H). The first was isolated from K. oxytoca on 11 December 1999, and the second was identified in K pneumoniae on 3 May 2000. The sequence has been depos- ited in GenBank and has been named TEM-115 (Table 4 ). The pRFLP patterns were the same for both TEM-115 genes (data not shown). The MICs of most of the beta-lactams tested for TEM-115-producing clinical strains remained low, with the exception of the CTZ MIC (Ն16 mg/liter) ( Table 4) . Resistance to gentamicin and tobramycin was cotransferred with TEM-115 on the 70-kb plasmid ( Table 3 ). The same site yielded an additional novel TEM variant that was isolated on 25 August 2000 from K. oxytoca and that contained the same L21F substitution as TEM-115 but also included a G238S substitution. This novel ESBL has been designated TEM-120. The susceptibilities to various beta-lactams for this novel enzyme are shown in Table 4 . CPD was the only drug that had an MIC of Ն2 mg/liter for this strain. This strain was detected as a potential ESBL-producing strain only with CPD (zone diameter, 22 mm) and, upon confirmatory testing, displayed a zone diameter of Ն5 mm only with CTX. bla CTX ESBLs. Twenty-seven strains of E. coli were found to harbor CTX-M-type genes, including CTX-M-13 (n ϭ 1), CTX-M-14 (n ϭ 15), and CTX-M-15 (n ϭ 11). The single strain harboring the CTX-M-13 gene was isolated in western Canada in June 2000 from a urine specimen. The macrorestriction pattern of the E. coli strain harboring CTX-M-13 was unique.
CTX-M-14 was identified eight times in the west and seven times in the east. A strain outbreak with closely related PFGE patterns and comprised of six strains was observed at two sites in the west (site 1, n ϭ 4, and site 2, n ϭ 1) and one site in the east (n ϭ 1). The first and most distantly related outbreak strain was first isolated in January 2000 at the site in eastern Canada (PFGE pattern, EEX.0051). Closely related strains (n ϭ 4) appeared at site 1 in the west from July 2000 through September 2000 (PFGE pattern, EEX.0053). A strain with an indistinguishable DNA pattern from site 1 emerged at a second location in the west at the end of the study period in September 2000. The remaining eight strains harboring the CTX-M-14 gene were not found to be closely related by macrorestriction analysis.
The ESBL phenotype was transferred to E. coli DH10B for all of the strains harboring the CTX-M-14 gene, with the exception of a group of four strains with identical PFGE profiles, described above (EEX.0053). Plasmid restriction enzyme profiles were generated from DH10B transformants, and all recipient strains were shown to contain the CTX gene by PCR (data not shown). A dendrogram representing the plasmid profiles is shown in Fig. 3A . Six major plasmid groups, pC14-1 to pC14-6, are evident. A cluster of four plasmid profiles, two of which are indistinguishable (pC14-1c), is evident in Fig. 3A . Interestingly, the four closely related plasmids were isolated from four sites in the east. The two indistinguishable plasmids were identified from different sites and were isolated within 11 days of each other in January 2000. The other plasmid subtypes (pC14-1a and pC14-1b) were similar, and approximately 70% of their restriction fragments were of similar sizes, suggesting a possible relationship. All of these pC14-1 subtypes confer similar antibiograms to DH10B transformants, i.e., sensitivity to all non-beta-lactams tested (Table 3) . Interestingly, a single strain harboring the CTX-M-14 gene (ESBL 1) was found to contain an SHV amplicon. This amplicon was sequenced and identified as SHV-12. However, SHV-12 was identified only in the clinical strain and was not found to be associated with the plasmid harboring the CTX-M-14 gene (pC14-1a). This particular SHV-12 will not be discussed in the SHV section below. The remaining plasmid groups consisted of single strains, all of which harbored CTX-M-14 genes on large (64-to 140-kb) plasmids, only one of which (pC14-3a) carried an additional antimicrobial resistance phenotype along with the ESBL phenotype (Table 3) . The remaining 11 CTX-M PCR-positive strains contained the CTX-M-15 gene, as identified by DNA sequence analysis. All of the strains were isolated at two sites in Canada, one site in the west (n ϭ 9) and one site in the east (n ϭ 2). All of the strains were positive for the TEM gene, which most likely represents TEM-1, because the strains contained a beta-lactamase with an isoelectric point of 5.4. Macrorestriction analysis of bacterial strains revealed nine unique patterns, with only a single observed outbreak occurring at the western site and involving three clonal strains (PFGE pattern, EEX.0038) isolated in the last month of the study.
The ESBL phenotype was transferred to E. coli DH10B for all of the strains with unique representative PFGE profiles. All DH10B recipient strains contained the CTX gene, as demonstrated by PCR (data not shown). A dendrogram depicting the restriction profiles of HpaI-digested plasmids harboring the CTX-M-15 gene from DH10B transformants is shown in Fig.  3B . Three major plasmid profiles, pC15-1 to pC15-3, were observed; plasmid profile pC15-1 was comprised of two plasmid subtypes, pC15-1a, which was identified at two sites (west, n ϭ 5, and east, n ϭ 1), and pC15-1b, which was identified at the site in the west. Resistance to tobramycin and gentamicin was cotransferred with the ESBL phenotype for both pC15-1 subtypes (Table 3 ). The two pC15-2 subtypes, pC15-2a, which was isolated in the west, and pC15-2b, which was isolated in the east, varied by two bands (Fig. 3B) . Trimethoprim-sulfamethoxazole resistance was cotransferred with the ESBL phenotype. Two subtypes of pC15-3 were identified (in the west and east) and varied by three bands (Fig. 3B) . No additional resistance phenotypes tested were cotransferred with the ESBL phenotype.
bla SHV ESBLs. The majority of ESBLs identified in Canada were of the bla SHV type. This enzyme comprises 64% of all ESBLs (n ϭ 74) identified in this study and includes SHV-2 (n ϭ 2), SHV-2a (n ϭ 12), SHV-5 (n ϭ 6), SHV-12 (n ϭ 45), SHV-30 (n ϭ 2), SHV-40 (n ϭ 2), SHV-41 (n ϭ 4), and SHV-42 (n ϭ 1). Fifty-four percent of the SHV ESBLs (n ϭ 40) were found in E. coli. Two K. pneumoniae strains with unique PFGE patterns and isolated at different sites were found to harbor SHV-2 genes. All of the strains harboring SHV-2a genes were identified in the west (n ϭ 12; three sites); the majority of the strains (n ϭ 10) were identified at a single site. All strains were E. coli, with the exception of a single K. pneumoniae strain. A clonal strain outbreak (n ϭ 3; EEX.0027) of E. coli involving a specific plasmid, pSHV2a-3a, occurred with no additional dissemination of the strain or the plasmid (Table 3 and Fig. 3C ). Dissemination of a clonal plasmid group, consisting of pS2a-2a to pS2a-2c, occurred at three sites in the west (Fig. 3C) . It was first observed at one site in December 1999 (pS2a-2a) and was next identified three times in July 2000 at a different site (pS2a-2a to pS2a-2c), with the final observation occurring at the third site in September 2000 (pS2a-2a). Four additional plasmids harboring unique SHV-2a genes were identified in genetically distinct E. coli strains during the course of this study and were labeled pS2a-1a, pS2a-4a, pS2a-5a, and pS2a-6a. All of the plasmids harboring SHV-2a genes were large (65 to 131 kb) and, with the exception of pS2a-5a, all harbored at least the trimethoprim-sulfamethoxazole resistance determinant in addition to the ESBL (Table  3) .
SHV-5 strains were identified at four sites, two in the west (n ϭ 2) and two in the east (n ϭ 3). A single E. coli strain and four K. pneumoniae strains, all with different PFGE profiles, harbored SHV-5 genes. Only three of the SHV-5 genes were transferable to DH10B by electroporation. pRFLP analysis revealed that the three plasmids differed by only a single band shift (Fig. 3D) , and all harbored additional tobramycin and trimethoprim-sulfamethoxazole resistance determinants (Table 3). Two of these plasmids (pS5a-1b and pS5a-1c) were isolated within 5 days of each other in April 2000 at a single site in the east, whereas the third plasmid was identified in September 2000 at a site in the west.
Strains harboring SHV-12 genes made up the largest proportion of strains with SHV genes identified in Canada. A disproportionate number of strains harboring SHV-12 genes were identified in the east (n ϭ 66; five sites) compared to the west (n ϭ 9; three sites). A single clonal E. coli outbreak involving eight strains occurred at a site in the east over a 5-month period. The plasmids harboring SHV-12 genes in these strains were unique in that restriction enzyme HpaI yielded too many bands to accurately record in BioNumerics; therefore, HindIII was chosen as an alternative to generate a pRFLP pattern (Fig. 3E ). pRFLP analysis with HindIII revealed three additional nonclonal E. coli strains which also harbored closely related plasmids. Two were from the original site, while one was from a site in the west (pS12H3-1c) . In all instances, these plasmids carried additional resistance determinants (Table 3 ). In addition to this plasmid group, 16 other unrelated plasmid types were identified in the strains harboring SHV-12 genes (Table 3 and Fig. 3F) .
Undefined ESBLs. Five strains were identified phenotypically as being ESBL positive; however, all attempts to identify the molecular basis for the ESBL were unsuccessful. All strains described below were not found to be related by PFGE pattern analysis, and all were sensitive to cefoxitin, suggesting that an AmpC-type mechanism (Ambler class C) did not contribute to the ESBL phenotype.
A single K. pneumoniae strain, ESBL 443, was found to harbor both TEM and SHV sequences by PCR; however, only a single beta-lactamase with a pI of 5.4 was observed in this strain. Sequence analysis of both of the amplicons revealed the presence of a TEM-1 gene with a strong Pa/Pb promoter (12) and an SHV-1 gene. The disk zone diameters revealed the phenotypic presence of an ESBL, as follows: CTX, 19 mm; CTXL, 32 mm; CTZ, 13 mm; and CTZL, 27 mm. Strain ESBL 28 was found by the methods used in this study to contain only a TEM-1 gene. IEF analysis revealed that the strain had pIs of 5.4 and 8.2. The disk zone diameter data clearly indicated the presence of an ESBL, with CTX and CTZ zone diameters of 10 and 9 mm, respectively, both of which increased by Ն5 mm in the presence of clavulanic acid. Two K. pneumoniae strains, ESBL 241 and ESBL 262, produced an SHV amplicon; se- quence analysis revealed two potential sequences, SHV-1 and LEN-1, within this amplicon.These two potential sequences were previously described to exist in tandem in some strains of K. pneumoniae (11) . These strains clearly displayed reduced susceptibility to CTX (20 mm) and CTZ (14 mm). Finally, a K. oxytoca strain, ESBL 465, met the definition of an ESBLproducing strain, with CTX and CTZ zone diameters of 18 and 20 mm, respectively. No TEM, SHV, or CTX gene was detected in this strain with the PCR primer pairs described above.
DISCUSSION
In a recent SENTRY worldwide surveillance program report, ESBL phenotypes were detected in 45% of K. pneumoniae strains from Latin America, 23% from the western Pacific, 23% from Europe, 8% from the United States, and 5% from Canada (45) . The lower ESBL prevalence in this study than in the SENTRY study may be attributable to the use of a broth dilution method rather than the disk diffusion method for ESBL determinations or to the examination of different tertiary-care centers. Surveys of U.S. hospitals have found that approximately 5 to 15% of Klebsiella sp. strains and 2 to 10% of E. coli strains harbor ESBLs (16) . The prevalence of ESBLproducing Enterobacteriaceae in Europe is highly variable among countries. In The Netherlands, Ͻ1% of E. coli or K. pneumoniae strains are ESBL producers; however, in France, up to 40% of K. pneumoniae strains are CTZ resistant (5) . One encouraging finding in this study is the lower rate of ESBLs in Canadian tertiary-care facilities than in those of other countries. Although the reasons for this discrepancy are difficult determine, this trend appears to be a general one for multidrug-resistant nosocomial pathogens in Canada. In addition to the low rates of ESBLs, Canada has documented similar findings for methicillin-resistant Staphylococcus aureus (38, 39) and vancomycin-resistant enterococci (14) compared to some other countries.
bla TEM ESBLs. In the United States, most hospital outbreaks have been due to TEM-12, TEM-10, and TEM-26 (6, 19) . However in Canada, TEM is the least prevalent type, comprising only 7.7% of the ESBLs identified. This is the first report of TEM-52 in North America. This variant was first described by Poyart et al. (33) ; it was found in a strain isolated from a 2-year-old child in France and since then has been identified in Asia (29) . Although all of the E. coli strains harboring TEM-52 had different PFGE patterns in the present study, three of the four strains harbored identical HpaI pRFLP patterns, suggesting the dissemination of a plasmid rather than a clonal strain in Canada. A single strain harboring TEM-29 was identified in this study. Globally, this type is rare, having been reported in clinical isolates from Korea and The Netherlands (1, 46) . The TEM-11 ESBL identified in this study is the second such report; the first report originally characterized strains in Belgium (13) . The Canadian strain harboring TEM-11 also had an enzyme with an identical pI (5.6), although the MIC of CTZ (Ͼ16 mg/liter) for this strain was higher, a finding that may be attributable to the presence of a TEM-1 in the clinical strain and/or to alterations in membrane permeability through porin changes in the clinical strain (5, 21, 44) . bla CTX ESBLs. The CTX-type beta-lactamases constitute the most recent Ambler class A plasmid-encoded enzymes; they were initially isolated from strains in Europe and Argentina in the late 1980s and early 1990s (2, 36) . Since then, numerous reports from eastern Europe, Asia, and South America have identified CTX-type ESBLs (reviewed in reference 42). Although only three types of CTX genes have been observed in Canada, plasmid profiling data indicate that multiple plasmid types exist. This report is only the second describing CTX-M-13; the first identified CTX-M-1 on a 35-kb plasmid from K pneumoniae in the People's Republic of China (9) .
CTX-M-14 has been described in Taiwan, Korea, China, France, and Spain (reviewed in reference 42). A subset of CTX-M-14 correlated with an E. coli clonal strain (EEX.0053) which has been implicated in a community-acquired urinary tract infection outbreak in western Canada (M. Louie, personal communication). A report from Spain has documented a high percentage of community-acquired urinary tract infections involving E. coli strains harboring CTX-M-14 (3), and one can speculate that there may be genetic similarities between the two geographically disparate sets of strains. Studies are under way to determine the potential source and scope of the problem in Canada.
CTX-M-15 is rare and was first reported in a GenBank entry as UOE-1 (accession no. AY013478). Karim et al. (17) described the first outbreak involving CTX-M-15 in a New Delhi hospital. The third and largest outbreak involving CTX-M-15 to date was reported in Toronto, Canada, and occurred in multiple long-term-care facilities between 2000 and 2002 (22) . This outbreak involved the plasmid fingerprint pattern pC15-1a, identified in this study at a single hospital site in the east and three times at a single site in the west (Fig. 3B) .
bla SHV ESBLs. The SHV-type variants are the largest group of ESBLs identified in this study (64%). Many countries, including the United States (15, 31, 34, 43) , have reported the SHV subtypes identified in Canada; however, a striking feature of the Canadian experience is the high numbers of strains harboring SHV-2a and SHV-12 relative to the frequency of other SHV types. This similarity seems to be mirrored by the Korean experience (18, 29) . Analysis of the Korean strains harboring SHV-2a and SHV-12 suggests the possibility of direct evolution of SHV-12 from SHV-2a or coevolution of both genes (19, 20) . PFGE and plasmid analyses clearly demonstrated diverse origins for strains harboring SHV-2a and SHV-12 in Canada. In addition, a comparison of plasmid profiles between SHV-2a and SHV-12 did not reveal any common RFLP types, further suggesting that, at least in Canada, the evolution of SHV-2a into SHV-12 has not taken place.
Novel bla ESBLs. TEM-115, which contained Leu21Phe and Arg164His changes, was identified in this study. Leu21Phe is thought not to play a role in any expanded enzyme activity in vivo (30) . Thus, the mature TEM-115 enzyme is identical to the TEM-29 enzyme, in which the Arg164His mutation has been shown to increase the hydrolysis of CTZ but not of CTX, as in clinical strains harboring TEM-115 (4).
SHV-40 contained the Leu35Gln change that has been found in the non-ESBL SHV-11 (40) as well as an Ala243Gly change that has been found only in the noncharacterized SHV-35 (GenBank accession no. AY070258). The two clinical strains harboring SHV-40 showed decreased susceptibility to CTZ, similar to what has been observed for strains harboring SHV ESBLs with changes at positions 238 and 240, which also showed increased resistance to CTZ (37) . These data lead us to speculate that the Ala243Gly change in SHV-40 may be at least partially responsible for the ESBL phenotype observed in ESBL 214 and ESBL 263.
SHV-41 contains only a Val142Phe change compared to SHV-1 and has not been described before. The three strains harboring this variant showed decreased resistance to CTZ but remained susceptible to CTX.
SHV-42 contains an Ala25Ser change and a Met129Val change compared to SHV-1. The first change has not been described before, but the second has been found in SHV-25 (10) and SHV-37 (GenBank accession no. AF467948) in association with Thr18Ala and Leu35Gln changes in both enzymes and with an additional Gln278His change in SHV-37. SHV-25 is not an ESBL; therefore, it is unlikely that the Met129Val change contributes to the decreased susceptibility to CTZ and CTX in ESBL 168. The alanine at position 25 is the cleavage point of the leader peptide; therefore, the Ala25Ser change may affect the transfer of the enzyme precursor into the periplasmic space and/or cause a shift in the cleavage site, thereby changing the sequence of the mature protein. The Ile8Phe change in SHV-7 compared to SHV-1 was shown by site-directed mutagenesis to play a role in the decreased susceptibility to CTZ and CTX, and it was speculated that this enzyme may be more efficiently transferred into the periplasmic space (37) .
NCCLS recently revised the criteria for screening potential ESBLs by changing the breakpoints for CPD from a disk zone diameter of Յ22 mm to one of Յ17 mm (25, 26) . With the data presented in this report, 23% additional ESBLs would have been missed if this new criterion had been used as the sole screening method compared to the old guidelines. As suggested by NCCLS, the use of more than one antimicrobial agent for screening improves the sensitivity of detection (25, 26) . The highest sensitivity was determined with either the CTX-CTZ-CPD22 combination or the CTZ-CPD22 combination, each of which predicted all but two ESBLs in this study. The two potential ESBLs not identified by these combinations were two novel SHVs (SHV-40 and SHV-41). Further studies are under way to determine whether these novel beta-lactamases are indeed ESBLs. Therefore, on the basis of the findings of this study, we suggest that laboratories use a minimum combination of CTZ and CPD22 to identify potential ESBLs in Canada.
This study documents the emergence of ESBLs in Canada, with only a single isolate being identified in the first month but 22 isolates being identified in the last month. In addition, the emergence was multicenter in nature and not due to a widespread geographical distribution of an epidemic strain or plasmid, as has been observed with another common Canadian nosocomial pathogen, methicillin-resistant S. aureus (38) . All three of the most common Ambler class A genes (TEM, SHV, and CTX) have been identified in Canada. Laboratories across North America should be aware of these findings and evaluate their current screening protocols to ensure that all ESBLs will be identified.
